Abstract: Predation is considered a primary limiting factor of woodland caribou (Rangifer tarandus caribou) populations across North America. Caribou are especially vulnerable to predation during their first few weeks of life and have evolved space-use strategies to reduce predation risk through habitat selection during the critical calving and nursery period. We assessed landscape-scale physical characteristics and landcover types associated with caribou nursery sites in Wabakimi and Woodland Caribou Provincial Parks in northern Ontario to better understand nursery site selection in relatively undisturbed landscapes. Although free from industrial activity, these protected areas may subject caribou to human recreational disturbance, so our secondary objective was to evaluate female caribou nursery site selection relative to human recreational activities. We determined that parturient caribou selected landscape characteristics at multiple spatial scales that may reduce predation risk during the calving and nursery period. Generally, female caribou in both parks selected larger lakes with larger than average sized islands configured within shorter than average distances to other islands or landforms that might facilitate escape from predators. The majority of caribou nursery areas in both parks occurred on islands rather than the mainland shoreline of lakes that were surveyed. The nearest landform for escape from these nursery sites on islands was typically another island, and most often 2-3 islands, suggesting parturient caribou may choose islands clustered together as part of their escape strategy. In Woodland Caribou Provincial Park, caribou nursery sites occurred more often in coniferous landcover than expected from availability, while in Wabakimi Provincial Park caribou used sparse, mixed and coniferous forests for nursery activity. Caribou cow-calf pairs typically used areas for nursery activity that were 9.1 km (± 1.0 km, range 2.3-20.6 km) in Wabakimi Provincial Park and 10.2 km (± 0.7 km, range 0.7-32.6 km) in Woodland Caribou Provincial Park from any human recreational disturbance. These landscape-scale physical characteristics and landcover types associated with caribou nursery sites may be used to predict locations of potential caribou nursery areas both outside and within protected areas for the provision of adequate protection and to ensure the persistence of this valued species.
Introduction
Woodland caribou (Rangifer tarandus caribou) range in Ontario has steadily receded north since the late 1800s (Racey & Armstrong, 2000) . Habitat loss through anthropogenic disturbance is frequently cited as the primary cause of this recession (Schaefer, 2003; Vors et al., 2007) , with predation often considered the main proximate factor of population limitation for woodland caribou in Ontario and across North America (Bergerud, 1974; Seip, 1992; Ouellet et al., 1996; Stuart-Smith et al., 1997; Rettie & Messier, 1998) . Caribou are particularly vulnerable to predation by wolves (Canis lupus) and black bears (Ursus americanus) in their first few weeks of life (Bergerud & Page, 1987; Ballard, 1994) .
Caribou have evolved space-use strategies to reduce predation risk through habitat selection, particularly during the critical calving and nursing stages when calves are too young to outrun predators (Bergerud et al., 1984; Bergerud & Page, 1987; Bergerud et al., 1990; Fitzgibbon, 1990; Rettie & Messier, 2000; Rettie & Messier, 2001) . If islands and shorelines are available, female caribou disperse to these relatively safe habitats to calve and nurse (Bergerud, 1985) . Female woodland caribou also spatially separate themselves from each other and other ungulates, such as moose, that provide alternate prey for wolves and bears, by using lakeshores and islands (Bergerud, 1985; Cumming & Beange, 1987) or bog complexes (Valkenburg et al., 1996; Stuart-Smith et al., 1997) for calving. Thus, parturient caribou appear to select habitat at different spatial scales to meet their requirements during the calving and post-partum period: at a broad scale they may select landscapes with abundant lakes or bog complexes and within these landscapes they may select shorelines and islands to reduce predation risk.
Female woodland caribou also exhibit fidelity for specific calving and summer ranges that may reduce predation risk to their calves (Brown et al., 1986; Schaefer et al., 2000) , but disturbances caused by landscape exploitation (e.g., forestry and mining activities) and human recreational activities (e.g., out¬ post camps, shore lunch areas, camping) may prevent female caribou from returning to previously used sites. As a result, female caribou may be forced to use less suitable habitats, which can lead to greater preda¬ tion risk and reduced population viability.
We assessed landscape-scale physical characteristics and landcover types associated with caribou nursery sites in two large protected areas, not directly dis¬ turbed by human industrial activity (i.e., forestry or mining), to better understand female caribou nursery site selection at different spatial scales in relatively undisturbed landscapes. Although free from indus¬ trial activity, these protected areas may subject caribou to human recreational disturbance, so our secondary objective was to evaluate female caribou nursery site selection relative to human recreational activities.
These analyses provide baseline information that may be used to predict locations of potential cari¬ bou nursery sites both within and outside protected area boundaries across northern Ontario. Critical landscape-scale characteristics selected by caribou at nursery sites were hypothesized to primarily reflect predator avoidance strategies, as well as avoidance of human disturbance, and thus appropriate protection of sites with these attributes in future management policies and legislation would likely have the greatest positive impact on population persistence.
Study areas

Wabakimi Provincial Park
Wabakimi Provincial Park is located in northern Ontario about 200 km north of Thunder Bay (Fig.  1) . The original boundary of the park was established in 1983 at 155 000 ha, but was greatly expanded in 1997 to roughly 892 000 ha (Duinker et al., 1998) . Most of the park has not been harvested, with the exception of a relatively small area in the south that was harvested before the land became part of the park. The average July and January temperatures in Wabakimi Provincial Park are 16 °C and -17 to -20 °C, respectively (Chapman & Thomas, 1968) . The forests of the park are typical of the boreal forest, being dominated by white spruce (Picea glauca), black spruce (Picea mariana), jack pine (Pinus banksiana), balsam fir (Abies balsamea), trembling aspen (Populus tremuloides), and white birch (Betula papyrifera) (Harris & Foster, 2005) . Mosses are a conspicuous cover over much of the forest floor, while patches of ground lichen (Cladina spp.) are common on jack pinedominated sand flats and under open spruce stands on bedrock (Harris & Foster, 2005; Carr et al., 2007) .
Woodland Caribou Provincial Park
Woodland Caribou Provincial Park was regulated in 1983 at 450 000 ha in size and is located along the Manitoba border in northwestern Ontario, about 50 km west of Red Lake (Fig. 1) . The average July and January temperatures in Woodland Caribou Pro¬ vincial Park are 18.4 °C and -20.4 °C, respectively (OMNR, 2004) . Forests of the area consist of typical boreal tree species such as jack pine, black spruce, balsam fir, and trembling aspen dominating upland sites, with black spruce and larch (Larix laricina) characterizing the wet, organic deposits commonly found in bedrock depressions (OMNR, 2004) . The park is situated on a relatively flat plateau and soils are thin when present at all (Brunton, 1986) . The slightly elevated position of the park area has resulted in a greater than normal incidence of dry upland for¬ est, so jack pine is more dominant than black spruce (Brunton, 1986) . Ground lichen is prevalent in older jack pine forests and a dense ground cover of feather moss is common in black spruce forests (Brunton, 1986) . The park is significantly influenced by its proximity to the Prairie Provinces, resulting in a dry, hot growing season creating "boreal prairie" forests that experience a greater frequency of naturally occurring forest fires, in contrast with the more moist boreal forests further east (OMNR, 2004) .
Methods
Nursery sites
Caribou calves are generally born between the last week of May and the first week of June in northern Ontario (Bergerud, 1980; Ferguson & Elkie, 2004) . To limit the potential effects of human disturbance on the behaviour of calving caribou or physical disruption of nursery sites (e.g., by walking transects, using motorboats, canoeing), systematic transect surveys started in the middle of June each year (2001¬ 2003) , after calving had occurred, and generally finished by the end of July. Study lakes were selected on the basis of their accessibility by ground or water transport and previous knowledge of caribou calving or nursery activity. Calving sites are generally defined to be locations at which parturition occurs, whereas nursery sites are areas occupied by cow-calf pairs during the post-partum period (Lent, 1974; Addison et al., 1990; Schaefer et al., 2000) . Calving and nursery sites cannot be readily distinguished from one another by physical evidence in transect surveys, and direct observations of parturition or cow-calf pairs were not made in this study. Therefore, all cow-calf sites identified in this study were classified as nursery sites, even though birthing activity at the site may have taken place as well.
Along the shorelines of lakes, and islands larger than 500 m in width or length, 100-m transects perpendicular to the shoreline were set every 1-2 km and surveyed for physical evidence (i.e., calf beds, pellets or tracks) of use (Timmermann, 1998) . Islands less than 500 m in width or length were surveyed for nursery sites by walking transects, set perpen¬ dicular to the shoreline at 1-km intervals, across the entire island. Island and mainland transects were resurveyed in subsequent years to determine whether or not nursery sites were used in the second and third year of the study. Absence sites were then identified as midpoints of transects that were surveyed in at least two consecutive years without finding any phys¬ ical evidence of caribou calving or nursery activity.
There were a total of 870 absence sites and 94 caribou nursery sites identified on 83 lakes in Wood¬ land Caribou Provincial Park during the 3 years (2001) (2002) (2003) 
GIS analysis
Landcover vegetation classes at sites in both parks were determined from Landcover 2000 (Spectranalysis, 2004) . Landcover 2000 is a remotely sensed coverage produced from satellite imagery collected during 1999-2002 to produce a data set composed of 25 m-grid cells, each classified into 1 of 27 different landcover classes consisting of vegetation types (such as forest, wetlands and agricultural crops or pasture) and categories of non-vegetated surface areas (such as water bodies, bedrock outcrops, or settlements). To compare the availability of vegetation landcover classes in areas that were searched for evidence of caribou activity to the availability of these classes at the landscape scale within each park, buffered areas were delineated along the shorelines of lakes and on islands that were surveyed. The buffered areas included the first 100 m of mainland shoreline, all islands less than 500 m either in length or width, as well as the first 100 m of shoreline on all islands over 500 m in length or width. Random points were then created within the buffers of each park (Random Point Generator Version 13; Jenness, 2005) . Initially, the number of random points generated was arbitrar¬ ily set equal to 5 times the number of absence and caribou nursery sites identified in each park. For each park, we compared the frequency distribution of classified 25-m grid cells in buffered areas with the frequency distribution of random points. If the random points in buffered areas did not represent the frequency distribution of available Landcover 2000 categories based on 25-m grid cells in the buffers, then more random points were added until there was no statistically significant difference (chi-square) between landcover classes represented by random points in buffered areas and 25-m grid cells within buffered areas. In the end, there were 7935 random points within buffered areas in Woodland Caribou Provincial Park and 3886 random points within buff¬ ered areas in Wabakimi Provincial Park.
Geographic co-ordinates of random points within buffered areas, absence sites and caribou nursery sites were imported into ArcMap 8.3 and assigned to landcover classes in Landcover 2000 (Spectranalysis, 2004) . Points or sites that fell in the water, timber harvested areas, forest regeneration areas, and catego¬ ries of non-vegetated surface areas were not included in subsequent analyses. Nursery and absence sites were mostly reduced due to these sites falling on land but being misclassified as water due to their close proximity to water: each grid cell (i.e., pixel) was 25 m by 25 m and a site that fell 15 m from the water's edge was most likely misclassified. This removal left 6002 random points, 24 nursery, and 179 absence sites in Woodland Caribou Provincial Park and 2650 random, 19 nursery, and 69 absence sites in Wabakimi Provincial Park that were classified by vegetation landcover type.
We also classified random points within buffered areas, absence sites and caribou nursery sites accord¬ ing to the landform on which they occurred; island, mainland or peninsula. Because peninsulas may offer caribou cows and their calves greater opportunity than linear shorelines for escape from predators by water, we further categorized points and sites accord¬ ing to their occurrence on peninsulas on the main¬ land or islands larger than 10 ha in size within the surveyed areas of each park. A peninsula was defined as a landmass that projected from the shore with >1 length to 1 width of base ratio. The minimum 1:1 ratio ensured that the landmass was a definite irregu¬ lar protrusion on the shorelines of the mainland and islands. By including only islands larger than 10 ha in size in our analyses, there were 6380 random points, 81 nursery, and 486 absence sites in Woodland Caribou Provincial Park and 3360 random points, 32 nursery, and 131 absence sites in Wabakimi Provin¬ cial Park that were classified by landform type.
A Nearest Feature Tool (Jenness, 2001) in ArcView 3.2 was used to measure minimum distances from the initial points (caribou nursery sites, absence sites, and random points within buffered areas) to the edge of the nearest landform (i.e. island, peninsula, or mainland). If the distance was > 1 km from the initial point, the distance was not used in further analyses because we assumed that landforms within a 1 km radius of the nursery sites were most impor¬ tant to cow-calf pairs during the nursery period and Ferguson & Elkie (2004) found that female caribou in north-western Ontario did not move more than approximately 1 km a day during the summer sea¬ son. This constraint left 5214 random points, 94 nursery, and 837 absence sites in Woodland Caribou Provincial Park and 1972 random points, 39 nursery, and 158 absence sites in Wabakimi Provincial Park for measurement. Minimum distances were also measured 3 times from each initial point, regard¬ less if it was a random point in a buffered area or a caribou nursery or absence site, to establish the first 3 minimum escape distances and 3 closest landform types. After removal of distances > 1 km from the initial point, 3484 random points, 89 nursery, and 650 absence sites were available for these distance measurements in Woodland Caribou Provincial Park and 1573 random points, 39 nursery, and 127 absence sites were measured in Wabakimi Provincial Park. The distance to the first landform and the average of the first 3 distances from each point were used in the statistical analyses.
To examine the potential effects of human activity on calving caribou, the closest distance, to a maxi¬ mum of 35 km, was measured from nursery, absence, and random points within the buffered areas to the closest fly-in fishing outpost in each park, regardless of whether the outpost occurred on the same lake as the nursery and absence sites. The study lakes were much smaller in size in Woodland Caribou Provincial Park in comparison to Wabakimi Provincial Park (Table 1) , necessitating a maximum distance of 35 km for comparing the closest fishing outpost between parks. This restriction left 7907 random, 93 nursery, and 870 absence points in Woodland Caribou Pro¬ vincial Park and 3880 random, 39 nursery, and 164 absence points in Wabakimi Provincial Park.
Statistical analyses
Use-availability study designs are fraught with dif¬ ficulties (Garshelis, 2000) . In particular, comparisons between used and unused sites can be problematic if unused sites are misclassified (i.e., "nonobservation of use may not mean nonuse"; Garshelis, 2000) . In our study we could not be certain that absence sites were never used by female caribou for calving or nursery activity so we chose to make comparisons among nursery sites, absence sites and random points within buffered areas along the shorelines of lakes and on islands that were surveyed in each park.
All Landcover 2000 measurements produced nom¬ inal data that were compiled into frequency distri¬ butions. We compared the frequency distributions among Landcover 2000 categories of random points within buffered areas, absence sites, and caribou nurs¬ ery sites using a chi-square statistical analysis. Nomi¬ nal data occurring with expected frequencies < 2 were combined into a single category (Zar, 1999) .
A chi-square test was also used to compare the frequency of landform types used by calving caribou at nursery sites with absence sites and random points within the buffered areas in each park.
We tested the assumption of normality of all inter¬ val scale data. Log, square root, and arcsine transfor¬ mations were performed when these data were not normally distributed. All tests were completed using the Statistical Package for the Social Sciences (Ver¬ sion 14.0, SPSS Inc., Chicago, Illinois).
The average of the nearest 3 distances and the near¬ est landform distance alone were compared among absence, nursery, and random points within the buff¬ ered areas in separate t-tests; mean distances from caribou nursery and absence sites were compared to the mean distance from random points in each park with 1-sample t-tests and comparisons between nursery and absence sites were made with 2-sample t-tests.
Distances to fly-in outpost camps from all nursery, absence, and random points within the buffered areas were first examined using a non-parametric Kolmogorov-Smirnov test of normality and Levene's test for homeogeniety of variance. The data violated both of these assumptions required for ANOVA, even after data transformation, so we chose a non-parametric Kruskal-Wallis test to analyze the untransformed fly-in outpost distance data, followed by a Mann¬ Whitney U-test to compare each pair of conditions in a non-parametric post hoc procedure: nursery versus random sites, nursery versus absence sites, and absence versus random sites.
Results
General landscape characteristics
Differences in the sizes of islands used for calving and nursery activity, as well as distances to the nearest landforms that might be used for escape by caribou cow-calf pairs, may be related to the general land¬ scape characteristics found in each of the two parks that were studied. There was a great deal of vari¬ ability in the sizes of lakes in the two parks, ranging from 0.01 to 11 049.70 ha in Wabakimi Provincial Park and 0.02 to 3160.80 ha in Woodland Caribou Provincial Park, yet the average sizes of lakes were quite similar ( Table 1 ). Lakes that were surveyed and showed signs of caribou nursery activity in the two parks, on the other hand, were much larger than the average sizes, and were an order of magnitude greater in Wabakimi (4822 ha) than Woodland Caribou Provincial Park (488 ha). The average sizes of islands on lakes with caribou nursery activity were twice as large as the averages for all islands in each park (Table  1) and islands with nursery activity in Wabakimi (8.2 ha) were almost twice the size of those in Woodland Caribou Provincial Park (4.6 ha). The average sizes of peninsulas on lakes with caribou nursery activity (Table 1) in Wabakimi Provincial Park (6.0 ha) were smaller than those in Woodland Caribou Provincial Park (8.5 ha).
Vegetation landcover classes
In both parks, absence sites were distributed among vegetation landcover classes similarly to what was randomly available in each landscape ( % 2 = 3.521, 4 d.f., P = 0.475 in Wabakimi Provincial Park and J = 5.298, 4 d.f., P = 0.258 in Woodland Caribou Provincial Park). Thus, landcover types at caribou nursery sites c ould be compared to either random points in buffered areas or absence sites in each park to determine whether or not certain landcover types were selected more often by female caribou for nurs¬ ery activity.
In Wabakimi Provincial Park, there was not a significant difference in the distributions of random points and caribou nursery sites among landcover classes (J = 1.087, 2 d.f., P = 0.581) or nursery and absence sites ( Fig. 2A ; J? = 1.540, 1 d.f., P = 0.163). In Woodland Caribou Provincial Park, on the other hand, there was a higher percentage of caribou nursery sites (63%) in the coniferous landcover category than random points (40%) and a lower percentage of nursery sites than random points in the deciduous (0% and 12%, respectively) or sparse-mixed categories (37% and 48%, respectively) ( % 2 = 6.476, 2 d.f., P = 0.039). There were also more caribou nursery sites (63%) in the coniferous landcover category than absence sites (35%), which were more common in the sparse-mixed (47%) and deciduous (18%) landcover classes than nursery sites (37% and 0%, respectively) ( Fig. 2B ; %2 = 8.991, 2 d.f., P = 0.01).
Landform types
Neither caribou nursery sites or absence sites were dis¬ tributed among landform types similarly to what was randomly found on the landscape in either Wabakimi (nursery sites vs. random points, = 57.573, 2 d.f., P < 0.001; absence sites vs. random points, X = 16.763, 2 d.f., P < 0.001) or Woodland Caribou (nursery sites vs. random points, = 362.783, 2 d.f., P < 0.001; absence sites vs. random points, X = 793.596, 3 d.f., P < 0.001) Provincial Park (Fig.  3 ). This suggests that absence sites did not represent the availability of landforms on the study lakes for comparisons with nursery sites. Consequently, caribou nursery sites were compared to both random points in buffered areas and absence sites in each park to determine whether or not certain landcover types were selected more often by female caribou for nursery activity.
In both parks, caribou nursery sites were found more often on islands than expected from the ran¬ dom availability of islands on the landscape (Fig. 3) ; Table 1 . The average (± s.e.) sizes in hectares (ha) of lakes, islands and peninsulas in Wabakimi and Woodland Caribou Provincial Parks and those showing evidence of caribou nursery activity in each park that were used in this study. Fig. 3A ; J2 = 57.573, 2 d.f., P < 0.001). In Woodland Caribou Provin¬ cial Park, caribou nursery sites were also found more often on islands and less often on the mainland than absence sites within surveyed lakes ( Fig. 3B ; J2 = 22.420, 3 d.f., P < 0.001); differences with respect to penin¬ sulas were minor. 
Study Area (ha)
Landscape
Nearest landform types
The nearest landform types to caribou nurs¬ ery sites or absence sites did not reflect the relative availability of landform types near random points on the landscape in either Wabakimi (nursery sites vs. random points, J2 = 28.412, 2 d.f., P < 0.001; absence sites vs. random points, J = 96.912, 3 d.f., P < 0.001) or Woodland Caribou (nursery sites vs. random points, J = 48.849, 2 d.f., P < 0.001; absence sites vs. random points, J2 = 464.110, 3 d.f., P < 0.001) Provincial Park (Fig. 4) . Since absence sites did not represent the availability of nearest landform types on the study lakes for comparisons with nursery sites, nursery sites were compared to both random points in buffered areas and absence sites in each park.
Caribou nursery sites were found more often near islands than were random points in buffered areas in both parks (Fig. 4) ; 59 vs. 53% in Wabakimi and 48 vs. 37% in Woodland Caribou Provincial Park. Nursery sites were also found more often near the mainland than were random points (21 vs. 4% in Wabakimi and 36 vs. 15% in Wood¬ land Caribou Provincial Park), which were found more often near peninsulas than were A • random points (n = 336Ü) • absence sites (n = 131) • nursery sites (n = 32) Although caribou nursery sites were found more often near islands and the mainland than absence sites on the study lakes in Wabakimi Provincial Park (Fig. 4A) , there was no statistical difference in landform types that were nearest to nursery sites or absence sites (J = 2.859, 3 d.f., P = 0.414). At
• random points (n = 1972) • absence sites (n = 158) • nursery sites (n = 39) 39 nursery sites where measurements were made in Wabakimi Provincial Park, the nearest 3 landforms to 30 (77%) of the sites included 2-3 islands. In Woodland Caribou Provincial Park, nursery sites were found more often near islands and less often near the mainland or peninsulas than absence sites ( Fig. 4B ; J2 = 16.074, 3 d.f., P < 0.001). The nearest 3 landform types to 42 of 89 (47%) nursery sites in Woodland Caribou Provincial Park included 2-3 islands.
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Minimum escape distances
The mean distance from caribou nursery sites or absence sites to the next nearest landform was less than the mean distance from random points in buffered areas in both parks ( 
208 m closer on average than random points to the next nearest landform. Mean distances to the nearest three landforms from caribou nursery sites or absence sites were not statistically different from the mean distance from random points in Wabakimi Provin¬ cial Park (Table 2) ; nursery sites vs. random points t = -0.158, d.f. = 38, P = 0.875 and absence sites vs. ran¬ dom points t = 0.905, d.f. = 126, P = 0.367. In Woodland Caribou Pro¬ vincial Park, both caribou nursery sites and absence sites were closer to the nearest three landforms than were ran¬ dom points; nursery sites vs. random points t = -4.867, d.f. =88, P < 0.001 and absence sites vs. random points t = -9.018, d.f. =649, P < 0.001. There were no differences between caribou nursery sites and absence sites in the mean distances to the nearest three landforms in either park; t = 0.57, d.f. = 164, P = 0.57 in Wabakimi and t = 1.82, d.f. = 737, P = 0.07 in Woodland Caribou Provincial Park. In Wabakimi, nursery sites were 118 m closer on average than random points to the nearest three landforms, and in Woodland Caribou Provincial Park, nursery sites were 201 m closer on average than random points to the nearest three landforms.
Distance to nearest fly-in outpost
In Wabakimi Provincial Park, caribou nursery sites were on average over 2.7 km further from the nearest flyin outpost than the mean distance from absence sites or random points (Fig. 5A) ; nursery sites vs. absence sites U = 2190, P = 0.002 and nursery sites vs. random points U = 53 541, P = 0.002. On average, nursery sites were 9.1 km from the nearest fly-in outpost while absence sites and random points were not significantly different (U = 303 938, P = 0.332) at mean distances of 6.3 km and 5.7 km from the nearest fly-in outpost, respectively.
Although not statistically different from absence sites or random points (H = 4.38, P = 0.112), the mean distance from caribou nursery sites to the near¬ est fly-in outpost in Woodland Caribou Provincial Park was just over 10.2 km (Fig. 5B) , which is similar to the mean distance from caribou nursery sites to the nearest fly-in outpost in Wabakimi Provincial Park.
Discussion
Parturient caribou select landscape characteristics at multiple spatial scales that reduce predation risk during the calving and nursery period. Comparisons of random points in Wabakimi and Woodland Cari- bou Provincial Parks with nursery sites and absence sites on surveyed lakes in each park indicated that female caribou selected particular vegetation land¬ cover classes within certain landform types for calv¬ ing and nursery activity. Regardless of variability in the sizes of lakes used within and between parks, female caribou selected larger lakes with larger than average sized islands configured within shorter than average distances to other islands or landforms, facilitating escape from predators while meeting the foraging requirements of cow-calf pairs through the postpartum period. Although the proportions of sparse (approximately 33%) and coniferous forests (about 39%) available along shorelines were similar in the two parks, cari¬ bou nursery sites in Woodland Caribou Provincial Park occurred more often than expected in the conif¬ erous landcover type, while nursery sites were used in proportion to the availability of both vegetation land¬ cover types in Wabakimi Provincial Park. In fact, the combination of sparse and mixed forests was used more often than coniferous forests for nursery activity by caribou in Wabakimi Provincial Park. However, Carr et al. (2007) found that these same nursery sites in Wabakimi Provincial Park were typically in old-growth (> 60 yrs) areas of spruce. The densities of mature trees were higher and densities of shrubs were lower at nursery sites than unused absence sites in both parks (Carr et al., 2007) . Vegetative groundcover, including greater lichen abundance, was also higher at nursery sites than absence sites in both parks. Thus, regardless of landcover type, calving caribou in both parks selected nursery sites with finescale characteristics that may reduce predation risk while providing necessary forage (Rettie & Messier, 2000; Carr et al., 2007) . Broad classification systems, such as Landcover 2000 used in this study, may be inadequate to capture these fine-scale vegetation characteristics and may only be useful for prelimi¬ nary identification of potentially important caribou nursery areas.
The selection of caribou calving sites is most likely related to many factors such as past experiences, individual behaviour patterns, age and predator avoidance strategies. At both the site-specific (Carr et al., 2007) and landscape scales, caribou apparently seek nursery areas with anti-predator features, such as islands, to avoid bears and wolves (Bergerud et al., 1984; Cumming & Beange, 1987) . Our study indicated that a significant majority (60 -80%) of caribou nursery areas in Wabakimi and Woodland Caribou Provincial Parks occurred on islands rather than the mainland shoreline of lakes that were sur¬ veyed. The mean island sizes used for nursery activity in Wabakimi and Woodland Caribou Provincial Parks (8.2 ha and 4.6 ha, respectively) were within the much broader range reported by Cumming & Beange (1987) , who found female caribou used islands in the summer that were from 0.5 to 1,550 ha in size in the Lake Nipigon and Wabakimi Provincial Park area. Our results also agree with Ferguson and Elkie (2005) who reported that female caribou used islands 10 -100 ha in size in the landscape between Wabakimi and Woodland Caribou Provincial Parks. In both parks, the islands that were used were, on average, twice the mean size of available islands, sug¬ gesting some minimum island size may be required for predator detection and avoidance, as well as supporting the food requirements of adult female caribou through the initial post-partum period. In addition to being an important anti-predator tactic, seclusion allows control of social interactions and the formation of strong bonds between cow and calf (Lent, 1974) . Cumming & Beange (1987) found caribou sign on Lake Nipigon showed more clumping of island use than would be expected by chance and suggested calving caribou chose islands clustered together as an escape strategy; caribou are good swimmers and could retreat to a neighbouring island fairly quickly if a predator was encountered. In both Wabakimi and Woodland Caribou Provincial Parks, we found cari¬ bou most often selected nursery sites on islands where the closest landform for escape was another island or the mainland. Minimum escape distances from nurs¬ ery sites on these islands to the next nearest landform were similar in the two parks and, on average, were less than the minimum distance between random points or sites that were not used and other land¬ forms on lakes that were surveyed. Likewise, average distances from nursery sites on islands to the nearest three landforms were less than the average three distances between random points or absence sites and landform types on surveyed lakes in both parks. Similar to Cumming & Beange (1987) , we found nursery sites in Wabakimi Provincial Park were most often located on islands where 2-3 islands were the nearest landforms. Although not as prevalent as in Wabakimi, almost half of the nursery sites exam¬ ined in Woodland Caribou Provincial Park were also located on islands where 2-3 islands were the nearest landforms. Taken together, these results suggest calv¬ ing caribou may choose clusters of islands as part of their escape strategy, but there is some limitation on distances between islands in a cluster or other land¬ forms. Addison et al. (1990) suggested moose calves may have difficulty swimming more than about 200 m after a period of running on land. Similarly, our results may indicate a maximum escape distance of 200 -300 m that is related to the endurance of cari¬ bou calves while swimming between nursery areas on islands and other landform types to escape predators.
Human activities within caribou range, which do not necessarily destroy habitat, may still result in a functional loss of usable space because of disturbance and the resulting displacement of caribou (Webster, 1997) . Nellemann et al. (2000) determined that maternal wild reindeer (R. t. tarandus) avoided a 10 km zone around a high-altitude tourist resort near Rondane National Park in Norway, which is remark¬ ably similar to the average 9.1 km distance to the nearest fly-in outpost from caribou nursery sites that we measured in Wabakimi Provincial Park and the 10.2 km distance in Woodland Caribou Provincial Park. These values also approximate the average 9.2 km distance of female caribou from active logging in late spring and summer as determined by Schaefer and Mahoney (2007) in central Newfoundland and the tolerance threshold of 13 km to nearest cutover suggested by Vors et al. (2007) for caribou in north¬ ern Ontario. Together, these studies suggest a critical threshold for parturient caribou of 10-15 km from disturbance.
Further studies should focus on substantiating these potential ecological thresholds for both rec¬ reational and forestry activities within and outside protected area boundaries. It is extremely difficult to identify abrupt ecological threshold break points, even with good quality data (Huggett, 2005) , and there needs to be further development of statisti¬ cally rigorous methods, as well as non-parametric approaches such as those recently proposed by Sonde¬ regger et al. (2009) , to identify thresholds. Moreover, there are potentially a wide range of different thresh¬ old responses to the same disturbance or land use changes that ecological processes can exhibit (Huggett, 2005 ) and the confounding effect of multiple variables interacting to produce a complex threshold response makes it difficult to identify a single casual factor (Bennett & Radford, 2003) . Nonetheless, given the threatened status of woodland caribou, we believe these studies need to be attempted.
In the meantime, the landscape-scale physical characteristics and landcover types associated with caribou nursery sites that we measured in this study, combined with fine-scale characteristics measured previously (Carr et al., 2007) , could provide baseline information that may be used to predict locations of potential caribou nursery sites at multiple spa¬ tial scales both outside and within protected area boundaries across northern Ontario. To ensure cari¬ bou persistence across northern Ontario it is critical to identify currently used and potential nursery areas and make sure that adequate protection is given to these sites (Morrill et al., 2005; Carr et al., 2007) . Large protection zones should be considered in areas with high use by parturient caribou and sufficient buffers to protect these areas from recreational use and logging activity should be established. Based on the results of this and previous studies, a sufficient buffer would approximate the critical threshold for parturient caribou of 10-15 km from human dis¬ turbance. In caribou nursery areas, activities that likely disturb nursing caribou (e.g., recreational watercrafts, air-traffic, camping) should be limited or restricted, especially during the critical calving and nursing period from May to August. To mini¬ mize stress by human disturbance, park users in caribou areas should be educated to stay an appropri¬ ate distance away from caribou so that they are not alarmed or disturbed. Further facility development on or near caribou nursery sites should be prevented. Although fidelity to calving areas has been noted in several studies (Brown et al., 1986; Edmonds, 1988; Seip, 1992; Brown et al., 2000; Schaefer et al., 2000) , disturbances caused by landscape exploitation and human recreational activities, both outside and within protected area boundaries, may prevent female caribou from returning to previously used calving sites, so continued monitoring of potential nursery areas on lakes is necessary to ensure that policy and management can adapt to these changes. More stud¬ ies should inventory and monitor fen habitat as well; Ontario Parks' research has found high use of remote fens by calving caribou in Wabakimi Provincial Park (Morrill et al., 2005) . Most importantly, education of park users must be enhanced with regard to caribou and their lifecycle.
